The coordination of the phosphino-alcohol ligands 2-Ph 2 PC 6 H 4 CH(R)OH (R = H, Me) onto an arene-ruthenium(II) fragment gave rise to the formation of complexes of general formula [RuCl 2 {2-Ph 2 PC 6 H 4 CH(R)OH}(η 6 -arene)] (R = H, arene = C 6 H 6 (3a), p-cymene (3b), mesitylene (3c), C 6 Me 6 (3d); R = Me, arene = p-cymene (5b)). In solution, different isomers were observed depending on the solvent polarity. They arise from the different coordination modes adopted by the phosphino-alcohol: (i) the classical κ 1 -P mode through the selective coordination of the phosphorus atom, (ii) the establishment of both Ru−P and Cl····H−O interactions, and (iii) the P,O-chelate formation. Treatment of these species with NaPF 6 led to the selective formation of the corresponding cationic species [RuCl{κ 2 -(P,O)-2-Ph 2 PC 6 H 4 CH(R)OH}(η 6 -arene)] [PF 6 ] 6a−d and 7b, respectively. Unexpectedly, under basic conditions these cationic compounds evolved into the neutral α-hydroxy-alkyl derivatives [RuCl{κ 2 -(P,C)-Ph 2 PC 6 H 4 C(R)OH}(η 6 -arene)] through a formal C−H bond activation process.
■ INTRODUCTION
The design of new functionalized ligands is a field of constant ongoing research activity. In this context, heteroditopic ligands, combining a soft P-donor fragment with hard-donor atoms, such as oxygen or nitrogen, have attracted particular interest due to their potential hemilabile properties. 1, 2 As far as the P,Odonor ligands are concerned, most of the synthetic endeavors and reactivity studies were focused on phosphines containing an ether, 1a,3 ester, 1a,4 aldehyde, 1a,5 ketone, 1a,6 or phosphineoxide 1a,7 functionality. In contrast, the synthesis and coordination chemistry of phosphino-alcohols have been comparatively much less explored. 1a,8 This is probably due to the usual instability of alcohols coordinated onto a metal center. Indeed, the complexation of the OH moiety increases the acidity of the hydrogen atom, 8h,9 thus favoring the generation of alkoxide derivatives. 10 In general, the alkoxo complexes derived from a tertiary alcohol or a phenol function can be isolated, 11 but analogous species generated from secondary and primary alcohols turned out to be rather unstable due to their high tendency to undergo β-elimination.
8g,12 However, the incorporation of the alcohol function in the structure of a P-donor ligand, strongly coordinated to the metal through the phosphorus atom, could help in the stabilization of the alcohol unit, making it possible to study in detail the different modes of activation of this functional group by a metallic center.
In the present paper, we report on the coordination of the 2-Ph 2 PC 6 H 4 CH(R)OH (R = H, Me) ligands to arene-ruthenium-(II) fragments, giving evidence that, in solution, the type of interactions between the phosphino-alcohol and the organometallic fragment strongly depends on the polarity of the solvent. Moreover, by deprotonation of the resulting complexes, we could obtain selectively unexpected α-hydroxyalkyl ruthenium derivatives, through a formal C−H bond activation of the functionalized phosphine ligand. 
■ RESULTS AND DISCUSSION

C{
1 H} NMR), elemental analyses, and conductance measurements, the data obtained being in complete accord with the proposed stoichiometry (details are given in the Experimental Section). Remarkably, in CDCl 3 solution, these derivatives exist as a mixture of two isomeric forms, 3′a−d and 3″a−d (Scheme 1). In the former, the phosphino-alcohol ligand adopts a classical κ 1 -P coordination mode, while for the latter, both Ru−P and Cl···H−O interactions 13 are established between the ligand 1 and the organometallic fragment (Scheme 1). The neutral nature of both isomers is clearly evidenced by the extremely low molar conductivity values of the corresponding solutions (Λ < 0.7
14 The most significant spectroscopic features for isomers 3′a−d are the following: (i) In the 31 P{ 1 H} NMR spectra, the phosphorus nucleus gives rise to a resonance at 29.3 (3′a), 28.3 (3′b), 30.9 (3′c), or 29.9 (3′d) ppm, in full agreement with its coordination to the metal. 15 (ii) Regarding the 1 H NMR spectra, the singlet signal observed at 4.56 (3′a), 4.45 (3′b), 4.37 (3′c), or 4.40 (3′d) ppm, which corresponds to the two equivalent methylenic CH 2 OH hydrogen atoms, is consistent with the C s -symmetry of the molecule. 16 In contrast, isomers 3″a−d exhibit two broad doublets at ca. 4.7 and 5.2 ppm attributable to the diastereotopic protons of the CH 2 OH unit. 17 In addition, the low-field resonance observed for the OH hydrogen at δ = 10.36 (3″a), 10.43 (3″b), 10.31 (3″c), or 9.36 (3″d) ppm evidences the existence of an OH···Cl interaction. 18, 19 Isomers 3″ are the major species present in CDCl 3 solution, their relative proportion being dependent on the nature of the arene ligand (72% (C 6 H 6 , 3″a), 88% (p-cymene, 3″b), 90% (1,3,5-C 6 H 3 Me 3 , 3″c), 54% (C 6 Me 6 , 3″d)). Apparently, the OH···Cl interaction is somewhat less favored for the electronically poorest (C 6 H 6 ) and the more sterically hindered (C 6 Me 6 ) organometallic centers. The molar ratio between 3′and 3″ was found to be also strongly dependent on the polarity of the medium. As an example, while 3″b is the major isomer in CDCl 3 (88%), the 3′b form becomes predominant in acetone-d 6 (71%; see the Supporting Information). In the latter medium, the OH hydrogen atom seems to interact preferably with the solvent molecules rather than with the neighboring chlorido ligand. Finally, in highly polar solvents, such as methanol, these derivatives evolve selectively into the cationic species [RuCl{κ 2 (P,O)-2- 
·mol
−1 (arene = p-cymene). The relative proportion of isomers 3′ and 3″ also depends on the temperature, the formation of the latter being favored by decreasing the temperature. Thus, the 3′b/3″b ratios in CD 2 Cl 2 solutions are 16/84, 11/89, and 6/94 at 25, 0, and −20°C, respectively.
The coordination of 2-Ph 2 PC 6 H 4 CH(Me)OH (4), featuring a secondary alcohol function, has also been explored. This ligand, which possesses a stereogenic center at the CMe carbon, was employed as the corresponding racemic mixture. The treatment of the dimeric precursor [{RuCl(μ-Cl)(η 6 -pcymene)} 2 ] (2b) with 2.4 equiv of ligand 4 gave rise to the expected mononuclear complex [RuCl 2 {2-Ph 2 PC 6 H 4 CH(Me)-OH}(η 6 -p-cymene)] (5b) (Scheme 2). Like its counterpart 3b, compound 5b exists in CDCl 3 solution as two isomeric forms, 5′b and 5″b. Moreover, due to the presence of two stereogenic centers, i.e., the CMe carbon and the ruthenium atom, the species 5″b appears as a mixture of diastereoisomers. 6 ] (7b), containing a methyl substituent in α-position with respect to the OH group, was prepared from 5b following a similar protocol, and it was obtained as a 90:10 mixture of diastereomers (Scheme 2). The configuration of the predominant species was assigned as S Ru R C /R Ru S C on the basis of DFT calculations. 21 This diastereomer, in which the methyl group is oriented in opposite direction with respect to the diphenylphosphino fragment to minimize steric repulsions, was 2.3 kcal/mol more stable than the R Ru R C /S Ru S C one (details are given in the Supporting Information).
On the other hand, the structure of the cationic complex [RuCl{κ
] (6b) could be unequivocally confirmed by means of a single-crystal X-ray diffraction study. An ORTEP drawing is depicted in Figure 1 , and selected bond distances and angles are listed in the caption. The cation exhibits a classical pseudo-octahedral three-legged piano-stool geometry around the ruthenium atom with values of the interligand angles Cl(1)−Ru−P(1) (88.23(8)°), P(1)−Ru−O(1) (87.5(2)°), and O(1)−Ru− Cl(1) (83.3(2)°) and those between the centroid of the pcymene ring and the legs (124.8(2)°, 131.62(6)°, and 126.45(6)°) being typical for this compound class. 22 The Ru(1)−O(1) bond length of 2.151(6) Å is consistent with the coordination of the OH unit to the metal center. 23 Worthy of note, the hydrogen atom of the alcohol points to the same side as the chlorido ligand. Moreover, the short H(1)···Cl(1) distance of 2.645 Å, shorter than the sum of the van der Waals radii (2.95 Å), could be ascribed to the existence of a weak intramolecular interaction between these two atoms. (P,C)-2-Ph 2 PC 6 H 4 -CHOH}(η 6 -C 6 H 6 )] (8a), the reaction was not completely clean, and other unidentified and inseparable species were also formed (8a accounted for approximately 60% of the mixture). In the other cases, the reactions were more selective and the corresponding α-hydroxy-alkyl compounds 8b−d and 9b could be isolated in analytically pure form. Alternatively, the α-hydroxy-alkyl derivatives 8−9b have been obtained directly from the neutral complexes [RuCl 2 {2-Ph 2 PC 6 H 4 CH(R)OH}-(η 6 -p-cymene)] (R = H (3b), Me (5b)), by reaction with KOH in methanol.
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The most relevant spectroscopic features of these compounds are the following: (i) in the 31 P{ 1 H} NMR spectra, a singlet resonance at lower fields (ca. 53 ppm) in comparison to those observed for their precursors 6a−d and 7b (ca. 30 ppm), which is in accord with the formation of a five-membered metallacycle; 27 (ii) in the 1 H NMR spectra of 8a−d, a singlet resonance in the range 5.1−6.1 ppm attributable to the methinic CHOH proton; 28 (iii) in the 13 C{ 1 H} NMR spectra, a characteristic signal at ca. 84 ppm corresponding to the COH carbon atom, 28 ,29 which appears as a singlet (8a, 8d) or a doublet (8b,c, 9b) due to its coupling with the phosphorus nuclei. Remarkably, despite the existence of two stereogenic centers in the molecule (the metal and COH carbon), all the spectroscopic data obtained were consistent with the formation of a single diastereomer. Unfortunately, the relative configuration of the two chiral centers could not be unequivocally determined, since all attempts to obtain single crystals of these compounds suitable for X-ray diffraction studies failed. 30 Although complexes 8a−d and 9b formally result from the C−H activation of the CH(R)OH unit, it is expected that the first step of the process is the deprotonation of the more acidic hydrogen, i.e., the OH one.
31 Subsequently, β-elimination leading to the ruthenium(II) hydride intermediate (B), containing a pendant aldehyde (or ketone) group, followed by the insertion of the CO moiety into the Ru−H bond, would provide the final product (Scheme 4). We must note here that, in agreement with this proposal, the structurally related phosphino-alcohol derivative [RuCl(η 8g On the other hand, the insertion of aldehydes into a metal−hydride bond has shown to be a reliable route to synthesize α-hydroxyalkyl complexes.
28,32
However, as far as we are aware, this is the first time that an α-hydroxyalkyl compound is formed directly from an alcohol precursor.
Finally, also relevant in this context is the fact that, when the reaction of [ 33, 34 This observation strongly supports the proposed mechanism.
At this stage, we would like to stress the difference in reactivity observed between the complexes [RuCl{κ , 9b) , instead of the corresponding hydride species. This is possibly due to steric concerns. Effectively, the formation of α-hydroxy-alkyl compounds requires the generation of a five-membered metallacycle, which would be particularly congested when the sterically demanding ferrocenediyl group is present in the structure.
■ CONCLUSION
The phosphino-alcohols Ph 2 PC 6 H 4 CH 2 OH (1) 
■ EXPERIMENTAL SECTION
General Considerations. The manipulations were performed under an atmosphere of dry nitrogen using vacuum-line and standard Schlenk techniques. Solvents were dried by standard methods and distilled under nitrogen before use. All reagents were obtained from commercial suppliers with the exception of compounds 2-Ph 2 PC 6 H 4 CH 2 OH (1), 35 [{RuCl(μ-Cl)(η 6 -arene)} 2 ] (arene = C 6 H 6 (2a), p-cymene (2b), 1,3,5-C 6 H 3 Me 3 (2c), C 6 Me 6 (2d)), 36 and 2-Ph 2 PC 6 H 4 CH(Me)OH (4), 37 which were prepared by following the methods reported in the literature. Infrared spectra were recorded on a PerkinElmer 1720-XFT spectrometer in Nujol, and absorption frequencies are given in cm −1 . The C and H analyses were carried out with a PerkinElmer 2400 microanalyzer. Conductivities are given in Ω −1 ·cm 2 ·mol −1 and were measured at room temperature, in ca. 10 −3 mol·dm −3 solutions, with a Jenway PCM3 conductimeter. NMR spectra were recorded on a Bruker AC300 or 300DPX instrument at 300 MHz ( 1 H), 121.5 MHz ( 31 P), or 75.4 MHz ( 13 C), using SiMe 4 or 85% H 3 PO 4 as standards. DEPT experiments have been carried out for all the complexes. Coupling constants J are given in hertz.
Synthesis of [RuCl 2 (2-Ph 2 PC 6 H 4 CH 2 OH)(η 6 -C 6 H 6 )], 3a′/3a″. A solution of 2a (0.230 g, 0.46 mmol) and ligand 1 (0.333 g, 1.13 mmol) in 20 mL of dichloromethane was stirred overnight at room temperature. The reaction mixture was then filtered through Kieselguhr, and the filtrate evaporated to dryness. The resulting residue was washed three times with 10 mL of a mixture of hexane/ diethyl ether (1:1) and vacuum-dried to afford a brown solid. Yield: 0.398 g (80%). Anal. Found (calcd for C 25 
